Blood group incompatibility causes transfusion reactions and neonatal isoerythrolysis in cats. We investigated the molecular nature of the blood group antigens from cats that had blood type A, B, and AB erythrocytes. Naturally occurring anti-type B antibodies, Triticum vulgaris lectin, monoclonal antibody (MoAb) 32-27, and MoAb R-24 were used in agglutination tests, Western blots, and thin-layer chromatography ( Blood typing of cats is important in veterinary medical practice to prevent transfusion reaction~.~-lO In addition, neonatal isoerythrolysis can occur when there is a blood type incompatibility between maternal and fetal b l~o d ,~~-*~ and is implicated as a leading cause of the "fading kitten syndrome."14 This disease is mechanistically similar to the human neonatal isoerythrolysis caused by Rh incompatibility.
0 recognized in cats. The antigens are unrelated to human A B 0 antigens and are defined by feline alloimmune sera. Blood type incidence varies both geographically'-5 and among breeds.6 Most cats possess the A antigen, and some have naturally occurring, low-titered, anti-B antibody. Type B cats have a naturally occurring, highly titered anti-A antibody. A survey in the United States showed that the percentage of cats with the B antigen varied from 0.3% to 59%, depending on the breed. 6 Blood typing of cats is important in veterinary medical practice to prevent transfusion reaction~.~-lO In addition, neonatal isoerythrolysis can occur when there is a blood type incompatibility between maternal and fetal b l~o d ,~~-*~ and is implicated as a leading cause of the "fading kitten syndrome."14 This disease is mechanistically similar to the human neonatal isoerythrolysis caused by Rh incompatibility.
A need exists to develop blood typing tests for clinical practice and to investigate the molecular nature of the feline blood group antigens. We have previously shown that Triticum vulgaris lectin (wheat germ agglutinin) agglutinates type B feline erythrocytes specifically, and may be used as a typing reagent to replace the low-titered, feline, anti-B antisera currently used. 15 Although the molecular nature of the feline blood group antigens has not been determined, we have proposed that they are determined by the form of neuraminic acid present on the glycolipids (specifically the ganglioside GD3) and perhaps the glycoproteins of the feline erythrocyte membrane.16 This hypothesis is based on thin layer chromatography (TLC) analysis of feline erythrocyte glycolipids from blood-typed cats17 and agglutination test results and binding specificity of the lectin from T vulgaris. l5 In this report we present further experimental evidence that the form of neuraminic acid on the erythrocyte membrane is the major determinant of feline blood groups. Erythrocyte membrane glycolipids from individual bloodtyped cats were examined by TLC and TLC immunostaining with monoclonal antibody (MoAb) R-24, MoAb 32-27, and feline typing serum. Erythrocyte membrane glycoproteins were examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), lectin immunoblotting, and Western blotting, using feline typing serum. The Agglutination tests were performed on PathoDx cards. Whole blood (50 kL) was placed in one well of the card. Typing reagent (50 ILL) was then added and mixed with the blood. Typing reagents were used at the following concentrations: T vulgaris (100 p,g/mL); feline antiserum (undiluted); MoAb R-24 (80 kg/mL); MoAb 32-27 (1:2 dilution of hybridoma supernatant). The card was rocked for 2 minutes and visually inspected for macroscopic agglutination.
Erythrocyte membranes. Hemoglobin-free erythrocyte ghosts were prepared according to the method of Dodge et a1.I8 Washed erythrocytes were lysed with 10 mmol/L phosphate buffer containing 1 mmol/L DFP. Protein concentration of purified membranes was determined by bicinchoninic acid protein assay (Pierce Chemical Co, Rockford, IL) with bovine serum albumin (BSA) standards. Membranes were stored at -70°C until used.
Erythrocyte membrane proteins were separated by electrophoresis in 7.5% polyacrylamide slab gels containing SDS using a discontinuous buffer system. Erythrocyte membrane proteins were electrophoretically transferred (blotted) to a PVDF membrane and washed with 0.05 mol/L Tris-buffered saline, pH Blots were blocked for 1 hour in TBS containing 0.1% Tween 20, and incubated with biotinylated T vulgaris lectin (10 pg/mL in TBS-Tween 20) for 3 hours. Blots were then washed three times in TBS-Tween 20. Blots were incubated with ABC reagent (prepared according to the manufacturer's directions in TBS-Tween 20) for 1 hour before a final washing in TBS and development with 4-chloro-napthol substrate solution.
Blots were blocked in TBS containing 0.1% Tween 20 and 1% nonfat dry milk (Blotto) for 1 hour. Blots were incubated with feline anti-A antiserum (diluted 1:lO) in blotto for 3 hours. Blots were then washed three times with TBS-Tween 20 and incubated with biotinylated goat antifeline IgG (5 pg/mL) in blotto for 1 hour. Blots were then washed, incubated with ABC reagent, washed with TBS, and developed as described above. Lipids were extracted from RBC ghosts by a simple ch1oroform:methanol extraction procedure. RBC ghosts (400 ILL) were placed in 5 mL of ch1oroform:methanol (1:l by volume) and heated to 60°C for 5 Feline blood typing.
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Lipid extraction and thin-layer chromatography (TLC). TLC plates were spotted, developed, and plastic coated as described above. Plates were blocked for 2 hours in PBS containing 0.1% Tween 20 and 1% nonfat dry milk (blocking solution). The plates were incubated in feline anti-A antiserum (diluted 1:50 in blocking solution) and incubated for 4 hours. Plates were washed three times with PBS Tween 20 for 0.5 hours. The plates were incubated with biotinylated goat anticat IgG (1.5 pg/mL) in blocking solution for 3 hours and plates washed three times in PBS-Tween 20 for 0.5 hours. The plates were incubated in ABC reagent for 1.5 hours, followed by the final three washes in PBS, and substrate development, as described above.
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RESULTS
Card agglutination tests were performed with feline anti-A antiserum and T vulgaris lectin on a total of 391 feline blood samples. Most (370) were agglutinated by feline anti-A antiserum only, 15 were agglutinated by T vulgaris lectin only, and '6 were agglutinated by both reagents. Therefore, these samples were typed as A, B, and AB, respectively. Agglutination tests were then performed with MoAb R-24 and MoAb 32-27 on 25 of these blood typed samples (10 A, 10 B, and 5 AB) ( Table 1) . Type A samples were agglutinated by MoAb 32-27 only, type B samples were agglutinated by MoAb R-24 only, and type AB samples were agglutinated by both reagents. 
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TLC of feline erythrocyte membrane glycolipids from blood typed cats (Fig 1) shows that (Fig 3) . MoAb R-24 reacted faintly with one band from the type AB erythrocytes and was nonreactive with the type A erythrocyte glycolipids.
TLC immunostaining with feline anti-A antiserum (Fig  4) shows strong reactivity with one band from the type A and faint staining of one comigrating band from type AB erythrocyte glycolipids. The Rf value of 0. 31 T vulgaris lectin immunoblotting of SDS-PAGE preparations of feline erythrocyte membrane proteins from bloodtyped samples shows strong staining of a 50-Kd protein from a type B cat and faint staining of the same molecular weight protein from a type AB cat (Fig 5) . There is no reactivity with proteins from the type A cat. Western blotting of SDS-PAGE preparations of feline erythrocyte membrane proteins from blood-typed samples with feline anti-A antiserum shows staining of a 50-Kd protein from a type A cat, which is not detected in the type B or AB cats (Fig 6) .
DISCUSSION
It is well established that the major glycolipids of cat erythrocyte membranes are [NeuGc]2G~s~l and NeuAcNeuGc-GD3.U,ZJ The data indicate that these two gangliosides are present only on cat erythrocytes expressing the blood group A antigen (type A and type AB). The fact that researchers use these gangliosides isolated from cat erythrocytes as authentic standards24 is not surprising, considering the high incidence of blood type A in the general cat population, ?articularly in the United States? A study in Japan found that 2 of 207 cat sera tested contained an IgM isoagglutinin that reacted with the erythrocytes of the other 205 cats! The agglutination was inhibited by NeuGchematoside. Anti-A isoagglutinin in pooled sera from two type B cats was found to be both IgM and IgG.= The blood group A antigen is expressed on lymphocytes of blood type A and AB cats, but the B antigen does not appear to be expressed on the lymphocytes of type B .31- For The Tu= immunostain of type A erythrocyte glycolipids with MoAb 32-27 (Fig 2) is similar to that reported by others using similar TLC procedures." In that report, the investigators again confirmed that the two main gangliosides of feline erythrocytes were [NeuGcIzGD3 and NeuAcNeuGc-GD3. However, we found staining of four bands of the type A cat erythrocyte glycolipids with MoAb 32-27.
Based on the TLC mobility of the glycolipids and binding specificity of MoAb 32-27," we propose that type A cat erythrocytes also contain [NeuGcIz disialylparagloboside
and NeuAc-NeuGc-disialylparagloboside. (Fig 2) shows that the type AB erythrocyte lacks two ganglioside species that are present on the type A erythrocyte. We have proposed that these two gangliosides are [NeuGc] , disialylparagloboside and NeuAcNeuGc-disialylparagloboside.
The mode of inheritance of the AB type is unknown. It is hypothesized that type A and type B are due to the action of two different alleles at the same gene locus, with type A being completely dominant to B.6 No 0 (null) phenotype has been documented. We have proposed a model for the inheritance of the A and B antigens17 based on the fact that the enzyme CMP-N-acetylneuraminic acid hydroxylase converts NeuAc to N~U G C .~~ In this model, type A cats have CMP-N-acetylneuraminic acid hydroxylase and type B cats lack the enzyme. This model is compatible with the mode of inheritance and the apparent lack of a null allele. Limited breeding experiments indicate that type AB offspring are produced only when one of the parents is type AB.' Type AB cats may have a mutated form of CMP-N-acetylneuraminic acid hydroxylase, which alters substrate specificity, substrate binding, or enzyme kinetics. Alternatively, type AB cats may have a gene that alters expression of the enzyme at the transcriptional or translational level. Another possibility is a mutation in a sialyltransferase enzyme that alters the ultimate expression of NeuGc on the surface of the AB erythrocyte.
NeuGc is a blood group substance in some breeds of East Asian dogs and is inherited as an autosomal dominant trait over N e~A c .~l The neuraminic acid species are the terminal sugar residues on canine erythrocyte hematosides. In a study of 1,591 dogs representing 36 breeds, NeuGc was limited to several Oriental breeds, despite the dominant mode of i n h e r i t a n~e .~~ NeuGc was not found in erythrocyte glycolipids of any European breeds examined. Canine erythrocytes expressing NeuGc-hematoside also had traces of NeuAc-hematoside, but erythrocytes expressing NeuAchematoside had no detectable NeuGc-hematoside. Sera from dogs with NeuAc-hematoside agglutinated erythrocytes from dogs with NeuGc-hematoside, The agglutination was inhibited by NeuGc-hematoside. Reciprocal sera was not found. Canine erythrocytes strongly expressing both NeuGc and NeuAc (analogous to the feline type AB) have not been documented.
Erythrocyte ganglioside polymorphisms have also been described in inbred strains of mice33 and in horses and cattle.34 It is unknown if these polymorphisms may also be related to blood group systems in these species. Forms of neuraminic acids are species-and tis~ue-specific~~ and are developmentally regulated.36
Human erythrocyte membranes contain only NeuAc, which is responsible for the specificity of some Mn blood group antigens.37 Antibodies against NeuGc (HanganutziuDeicher antibodies) have been recognized in patients with serum sickness, and found in human sera from patients with infectious and immune mediated diseases and cancer.38 The occurrence of these antibodies in cancer patients has been used to advantage to produce human MoAbs with both NeuGc and NeuAc binding spe~ificities.~~ Altered ganglioside metabolism and expression on neoplastic cells is an area of much current research. NeuGc containing gangliosides have been isolated from human colon cancer40 and a novel pathway for the expression of NeuGc containing ganglioside antigens in cultured human melanoma and astrocytoma cells has been d e~c r i b e d .~~ The role of neuraminic acids as antigens in a wide variety of biologic systems4* and the role of gangliosides in cancer43 have been reviewed.
Comparison of blood group A, B, and particularly the unique type AB cats will provide an interesting and useful model to study the biosynthesis and tissue-specific expression of NeuAc and NeuGc containing gangliosides and sialylglycoproteins.
